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Introduction:  Periprosthetic  femur  fracture  (PFF)  is a serious  complication  after  total  hip  arthroplasty
that  can  be  treated  using  different  internal  ﬁxation  devices.  However,  the  outcomes  with  curved  non-
locking  plates  with  eccentric  holes  in this  indication  have  not  been  reported  previously.  The  objectives
of  this  study  were  to  determine:  (1)  the union  rate; (2) the  complication  rate; (3)  autonomy  in a  group
of  patients  with  a Vancouver  type  B PFF  who  were  treated  with  this  plate.
Hypothesis:  Use  of  this  plate  results  in a high  union  rate with  minimal  mechanical  complications.
Materials and  methods:  Forty-three  patients  with  a mean  age  of  79  years  ± 13  (41–98)  who  had  undergone
ﬁxation  of  Vancouver  type  B PFF  with  this  plate between  2002  and  2007  were  included  in  the  study.  The
time  to union  and  Parker  Mobility  Score  were  evaluated.  The  revision-free  survival  (all  causes)  was
calculated  using  Kaplan-Meier  analysis.  The  average  follow-up  was 42 months  ±  20 (16–90).
Results:  Union  was  obtained  in  all patients  in a mean  of 2.4  months  ±  0.6  (2–4).  One  patient  had  varus
malunion  of the  femur.  The  Parker  Mobility  Score  decreased  from  5.93  ± 1.94  (2–9)  to  4.93 ±  1.8  (1–9)
(P  =  0.01).  Two  patients  required  a surgical  revision:  one  for an  infection  after  4.5  years  and  one  for  stem
loosening.  The  survival  of  the femoral  stem  5  years  after  fracture  ﬁxation  was  83.3%  ±  12.6%.
Conclusion:  Use  of  a  curved  plate with  eccentric  holes  for treating  type  B PFF  led  to  a high union  rate
and  a  low  number  of ﬁxation-related  complications.  However,  PFF  remains  a serious  complication  of  hip
arthroplasty  that is  accompanied  by  high  morbidity  and  mortality  rates.
Level of evidence:  Retrospective  study,  level  IV.. Introduction
Periprosthetic femur fractures (PFF) are occurring more fre-
uently because of our aging population and the increase in the
umber of patients with hemiarthroplasty or total hip arthroplasty
1]. The incidence of PFF is estimated to be less than 1% after pri-
ary arthroplasty and up to 4% after revision arthroplasty [1–3].
FF are the second-leading cause of revision arthroplasty [3–6].
everal risk factors have been identiﬁed: female gender, age, osteo-
orosis, rheumatoid arthritis, varus stem misalignment, previous
emoral surgery and presence of osteolysis [3,7,8].
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The Vancouver [9] classiﬁcation is a reproducible classiﬁca-
tion system for PFF that can be used as the basis for determining
the treatment strategy [10–15]. According to this classiﬁcation,
internal ﬁxation should be used for type B fractures, potentially
in combination with femoral stem revision depending on the cur-
rent implant’s stability and the periprosthetic bone stock. Several
fracture ﬁxation devices are available for use either by direct or
minimally-invasive approach, but the results are variable [16–24].
Biomechanical studies have shown that constructs with proximal
monocortical screws and distal bicortical screws, and constructs
with proximal cables/wire cerclage in combination with distal
bicortical screws were signiﬁcantly more stable in axial com-
pression, lateral bending and torsion [25,26]. Moreover, use of
standard (non-locking) cable plates for PFF ﬁxation around stable
stems seems to be superior mechanically to use of locking plates,
especially when used in combination with an allograft strut [27].
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Table 1
Patient characteristics.
Patients (n = 43)
Age
(years)
Mean ± SD
(min–max)
79 ± 13
(41–98)
Female 22 (49%)
Left side 16 (37%)
Vancouver type [9] B1 18 (42%)
B2 23 (53%)
B3 2 (5%)
ASA Score [30] II 8 (44%)
III 10 (56%)
Charnley Score [29] A 7 (16%)
B 24 (56%)
C 12 (28%)
Time between index surgery
and fracture (months)
52 ± 63
(1–312)
Type of stem ﬁxation at index
surgery
Cemented 32 (74%)
Cementless 11 (16%)
Type of index surgery Primary 43 (100%)
Revision 0 (0%)ig. 1. a: stainless steel plate with eccentric holes for a left femur that is curved 
osition  in a plate with eccentric holes around straight and curved femoral stems; 
emoral  stems.
owever, placing screws around an intramedullary stem is tech-
ically difﬁcult and is plagued by poor screw hold in osteoporotic
one [28]. Moving the holes away from the center of the plate may
e a solution for placing screws around the existing femoral stem
Fig. 1). However, to our knowledge, the outcomes of using a curved
on-locking plate with eccentric holes have not been reported pre-
iously. Our working hypothesis is that use of a curved non-locking
late with eccentric holes results in stable ﬁxation and a high union
ate with minimal complications. The objectives of this study were
o determine:
the union rate;
the complication rate;
autonomy results in a group of patients with a Vancouver type B
PFF who were treated with this plate.
. Patients and methods
.1. Patients
A retrospective analysis was carried out of all the patients
ho presented with a Vancouver type B PFF after total hip arthro-
lasty or hemiarthroplasty between 2002 and 2007. Patients were
ncluded if they had a type B PFF following primary hip arthro-
lasty that was treated with a curved plate with eccentric holes
nd had at least 1 year follow-up. Patients treated with different
nternal ﬁxation devices or those with a sepsis episode before the
FF were excluded. The fractures were classiﬁed according to the
ancouver classiﬁcation system [9] using information in the radi-
logy ﬁle and the operative report. In all, 43 patients with a mean
ge of 79 years ± 13 (41–98) were included (Fig. 2).
The Charnley Score [29], American Society of Anesthesiologists
ASA) Score [30] and Parker and Palmer Scores [31] were used to
valuate the patient’s preoperative status. The main patient char-
cteristics, type of femoral stem (cemented, cementless) and time
lapsed between the arthroplasty procedure and fracture are given
n Table 1.
.2. Surgical techniqueAll patients were operated by senior surgeons at a mean
f 3.1 ± 2.4 days (0–10) after the fracture. The procedure was
erformed with the patient in lateral decubitus through aMain patient characteristics. ASA: American Society of Anesthesiologists; n: number
of  patients; SD: standard deviation.
posterolateral approach that was extended distally over the lateral
aspect of the thigh. An arthrotomy was  performed systematically
for cases of B2 and B3 fractures. If a spiral or multifragment fracture
was present, 1.25-mm metal cerclage wires were used to provide
temporary ﬁxation of the reduced fracture before ﬁnal ﬁxation with
screws and plate was applied to achieve a stable construct [25]. In
patients with unstable cementless stems (type B2 and B3), these
cerclage wires helped to tighten the bone around the stem so as
to stabilize it, thereby avoiding an implant revision. The stainless
steel anatomically curved plate (Aesculap, Tuttingen, Germany)
used in this study was available in three lengths: 12 holes (250 mm),
15 holes (300 mm)  and 18 holes (350 mm).  This plate was our pre-
ferred device for internal ﬁxation of type B PFF. The plate length
was selected based on the fracture location; the goal was  to insert
at least three bicortical screws above the most distal part of the frac-
ture. At least three of the periprosthetic screws were bicortical in
nature; however in two  cases, only two periprosthetic bicortical
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Eval uatio n of  eli gibility  (n = 70) 
All patie nts prese ntin g wit h  
PFF between 2002 and 2007 
Exclu ded (n = 17) 
• Did not mee t study crit eria  (n = 7)  
o Vancouver Type A (n = 2) 
o Van couv er T ype  C (n = 4) 
o Other type of fixation (n = 1) 
• Died before 1 year (n  =10) 
• Refused to participate (n = 0) 
Lost to foll ow-up (n = 10) 
Typ e B PFF  (n  = 53)  
Analysis  
Follow-up 
Inclusion 
Analyzed (n  = 43) 
• Excluded from analysis  (n = 0)  
At last review 
• Die d (n = 15) 
• Ali ve (n  = 28) 
Fig. 2. Flow chart summarizing the inclusion, follow-up and analysis of patien
Table 2
Surgical treatment and parameters (time, blood loss).
Vancouver type ORIF ORIF + Stem revision
Overall series (n = 43)
Operative timea 136 min  ± 46 (80–278 min)
Blood lossa 474 ml  ± 214 (200–1000 ml)
B1 (n = 18) 18 0
Operative time 121 ± 35 (81–205) –
Blood loss 451 ± 177 (200–800) –
B2 (n = 23) 16 7
Operative time 122 ± 26 (80–165) 209 ± 41 (165–278)
Blood loss 456 ± 159 (200–650) 667 ± 337 (200–1000)
B3 (n = 2) 1 1
Operative time 90 185
Blood loss 250 750
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d: number of patients; ORIF: open reduction and internal ﬁxation.
a Mean ± standard deviation (minimum/maximum).
crews could be inserted and at least two monocortical screws
ere added. If the femoral stem had to be revised, it was  replaced
y a cemented stem (Arcad longueTM, Symbios, Yverdon, Switzer-
and) and high-viscosity cement (Palacos, Heraeus Holding GmbH,
anau, Germany). In principal, the revision indication was  made if
he femoral stem was loosened. However, the existing femoral stem
as left in place if it was cementless and it could be restabilized by
ire cerclage of the bone around the stem, or in very old patients
n bad general condition so as to shorten the operative time. As
 consequence, 8 stems were revised and 17 were left in place
9 cementless and 8 due to anesthesia contra-indications) (Table 2).
one grafting was not necessary in any of the cases. Depending on
he length of the surgical incision, one or two surgical drains were
sed in all patients. No intraoperative complications were reported.
atients were allowed to move around using a wheel chair 24 to
8 hours after the surgery. Walking with two canes was  allowed
uring the ﬁrst 6 weeks. However, movement was limited tots who  sustained a Vancouver type B periprosthetic femur fracture (PFF).
bed-to-wheelchair transfers for non-compliant patients or those
with very fragile bone. All patients received prophylactic
antithrombotic therapy (low molecular heparin) for 6 weeks.
2.3. Assessment methods
Patients were reviewed at 6 weeks, 3 months, 1 year and then at
an interval determined by the patient’s recovery rate. Radiographs
(standard A/P and lateral views of the pelvis and hips) were per-
formed at these time points to evaluate bone union and detect any
femoral stem loosening. Malunion was deﬁned as fracture union
with > 5 degree angle in any plane.
The operative time and blood loss were found in the anesthesia
report. The operative time was deﬁned as the time from the incision
to the dressing of the surgical wound. The surgical blood loss was
calculated using the formula developed by Mercuriali and Inghil-
leri [32]. The number of postoperative blood transfusions and the
length of the hospital stay were recorded.
For the ﬁnal review, patients were contacted to ﬁnd out where
they were living (at their own home or in a nursing home) and to
determine their degree of mobility, according to Parker and Palmer
[31]. In some cases, it was difﬁcult to review the patients because
of their advanced age and comorbidities, which limit their ability
to travel or to understand instructions. The patient’s general practi-
tioner or the nursing home was contacted in these cases to provide
any missing information. At the last review, 15 of the 43 included
patients had died (35%) but orthopedic follow-up data was avail-
able at least until fracture union (Fig. 2). The mean time to death
for these 15 patients was  29 months ± 13 (16–56) after the surgery.
The average follow-up was  42 months ± 20 (16–90).2.4. Statistical methods
The patient characteristics, operative time, surgical blood loss,
number of transfusions, and Parker score were described by their
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sig. 3. a: preoperative radiographs in a 69-year-old female patient with a type B2 p
ean, standard deviation and minimum and maximum values.
tudent’s t-test was used to compare the Parker score before the
racture ﬁxation and at follow-up. A P-value of 0.05 or less was
onsidered as statistically signiﬁcant. Survival curves were calcu-
ated using the Kaplan-Meier method [33]. For the calculation of PFF
urvival, a failure was deﬁned as any surgical revision including
evisions for non-union, repeated fracture, ﬁxation failure, infec-
ion or stem loosening. Patients who died or were lost to follow-up
efore 1 year were not included in the clinical analysis, but their
ata was included in the survival calculation.
. Results
Union was achieved in all 43 patients in a mean time of
.4 months ± 0.6 (2–4) (Fig. 3). At the last review, all femoral stems
ere stable except for one patient who required surgical revision
or aseptic loosening associated with acetabular protrusion after
 years. A 6◦ varus malunion was found in one patient operated for
 B1 fracture; the mal-union did not worsen and had no clinical
onsequences.
The mean operative time was 136 min  ± 46 (80–278 min).
he mean calculated surgical blood loss was 474 ml  ± 214
200–1000 ml). In the B2 subgroup, the operative time and blood
oss were greater in patients treated with ﬁxation and femoral stem
evision than in those treated with fracture ﬁxation only (Table 2).
 mean of 1.57 ± 1.63 (0–5) units of red blood cells (RBC) were
ransfused per patient. The mean length of hospitalization was
3.95 ± 6.37 days (5–33).
Two revisions (5%) were required. In the ﬁrst case, a deep infec-
ion developed 4.5 years after a type B2 fracture had been treated
n a hemiarthroplasty patient. The plate and femoral stem were
emoved and an antibiotic cement spacer was implanted. This
pacer was left in place permanently as the patient was satisﬁedsthetic fracture; b: same patients showing fracture union, 2 years after the surgery.
with the clinical outcome and did not want to undergo an additional
surgical procedure. The second case occurred in a hemiarthroplasty
patient who presented with a type B2 PFF that had been treated
initially by internal ﬁxation only. This patient experienced aseptic
loosening of the femoral stem associated with acetabular protru-
sion 3 years later. The femoral stem was revised for a cemented
stem; the plate was  left in place and the hemiarthroplasty con-
verted to a total hip arthroplasty; the outcome was good. None of
the patients in the study had to be readmitted for hip dislocation.
The 5-year survival rate was 83.3% ± 12.6% (95% CI) and the 6-year
survival rate was 66.7% ± 15.9% (Fig. 4).
Before the PFF, 33 patients lived at home and 10 patients were
in a nursing home. At the last review, 17 patients lived at home and
26 patients were in a nursing home. At the last review, 25 patients
used a walking aid to get around. The Parker Mobility Score
decreased from 5.93 ± 1.94 (2–9) to 4.93 ± 1.80 (1–9) (P = 0.01).
4. Discussion
Periprosthetic femur fractures are a serious complication for
patients who have undergone hip arthroplasty [1–3]. Several frac-
tures ﬁxation devices are available for use either through a direct
or minimally-invasive approach [16–24]. However, placing screws
around an intramedullary stem is technically difﬁcult and plagued
by poor screw hold in osteoporotic bone [28]. Moving the holes
away from the center of the plate should make it easier to place
screws around the existing femoral stem. However, to our knowl-
edge, the outcomes of using a curved non-locking plate with
eccentric holes have not been reported previously. The results
of our study show that the ﬁxation of Vancouver type B PFF
with a curved non-locking plate with eccentric holes is a reliable
treatment option and ensures fracture union with a low rate of
ﬁxation-related complications.
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Fig. 4. Kaplan-Meier survival curve. The 5-year survival rate of the femoral stem
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[10] Brady OH, Garbuz DS, Masri BA, Duncan CP. The reliability and validity of thefter PFF ﬁxation was 83.3% ± 12.6% (95% CI) and the 6-year survival rate was
6.7% ± 15.9%.
The current study has several limitations. The retrospective
ature of the study led to a high number of patients being lost to
ollow-up (n = 10) or death (10 before 1 year and 15 after 1 year,
hus a total of 25 in the study) relative to the total number of cases
n = 70) (Fig. 2). However, this is typical of retrospective studies
nvolving elderly patients who are often presented with multi-
le comorbidities. Consequently, patients who died or were lost to
ollow-up before 1 year were not included in the clinical analysis,
ut their data was included in the survival calculation. In addition,
ome of the patients with B2 PFF were treated by fracture ﬁxation
nly, whereas the typical treatment involves revision of the loos-
ned implant. This approach was shown to be effective in other
ublished studies in certain patients who have a loosened stem but
o signs of osteolysis, and is conﬁrmed by our ﬁndings [34]. Despite
hese limitations, as far as we know, this is one of the largest and
ongest studies of PFF patients treated with a curved non-locking
late with eccentric holes that includes detailed analysis of out-
omes and complications.
The primary objective of this study was to determine the union
ate of PFF when ﬁxed with a curved non-locking plate. This plate
akes the surgical procedure easier, as its anatomical curvature
s well-suited to the femur’s forward curvature, and the eccentric
oles allow for screw placement around the existing femoral stem.
n addition, placing bicortical screws around the stem ensure bet-
er ﬁxation without altering the cement mantle in patients with
 well-cemented stem [35,36]. This plate’s main features have
een adopted in the current locking plate systems, sometimes with
olyaxial screws [20–24]. Although locking screws were not used
n this study, use of a non-locking plate did not compromise the
uality of the fracture ﬁxation. This is consistent with a biomechan-
cal study showing that use of a non-locking plate around a stable
emoral stem was better than use of a locking plate [27]. More-
ver, it has been reported that when type B1 fractures are treated
ith locking plates, not placing locking screws at the fracture site
educes the construct’s stiffness, which helps to increase callus for-
ation and reduce the risk of complications [37]. In the current
tudy, union occurred in all patients in an average of 2.4 months
nd only one patient had a mal-union; this is comparable to studies
ith locking plates [20–24].
These ﬁndings demonstrate a role for non-locking plates in the
reatment for type B PFF. This is consistent with Haidukewych and
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Ricci [38] who  stated that use of locking constructs should be
reserved to only certain types of fractures. The continued develop-
ment and introduction of new implants is a sign that PFF ﬁxation
is difﬁcult and that the current treatment options are not ideal. In
our experience, plates with eccentric screw holes improve the qual-
ity of the screw ﬁxation, thereby the postoperative stability of the
construct. Adding angular-stable or polyaxial screws will certainly
make postoperative rehabilitation easier and safer, as shown in the
treatment of other types of fractures with locking plates [21,22].
Nevertheless, additional studies are needed to speciﬁcally deﬁne
the scope of use and the exact beneﬁt of such implants.
When looking at the patients’ surgical characteristics, the out-
comes with this plate are comparable with those of other types
of plate ﬁxation systems [21,22], both in terms of operative time,
number of transfusions and length of hospital stay. The reasons for
revision were similar to those reported in other studies [21,22],
however there were no plate-related problems such as breakage
and no cases of non-union. The direct approach to these fractures
very likely provided more anatomical reduction of the fracture,
while the initial addition of metal wire cerclage ensured primary
compression and stability of the fracture site. Thus in our study
group, the plate was a reliable implant with minimal complications.
The mortality rate at the last follow-up was  35%, which conﬁrms
the high mortality rate in patients with PFF [39]. The loss of mobility
and autonomy was also signiﬁcant, since half the patients who were
living at home at the time of the fracture were in a nursing home at
the last review. This corresponded to a signiﬁcant 1-point decrease
in the Parker score, and is comparable to the results reported in
other studies [22,34].
5. Conclusion
Use of a curved non-locking plate with eccentric holes results
in a high fracture union rate, satisfactory clinical outcomes and
minimal complications. However, PFF remains a serious compli-
cation of hip arthroplasty that is accompanied by high morbidity
and mortality rates.
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